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The ventral eversible gland (VEG) of the fifth instar fall armyworm, Spodoptera frugiperda 0. E. Smith), is described and illustrated. The orifice of the VEG is a
transverse slit anterior to the prothoracic legs. An increase in hemocoelic pressure everts the
VEG, and the action of six pairs of retractor muscles inverts it. The VEG consists of two
functionally different regions-a noneversible glandular sac lined with secretory cells, and
an eversible cuticular tube which, when everted, forms a visible, external papilla. Eversion
is pleurecbolic, occurring by movement of the sides of the cuticular tube rather than the
apex, in response to hemocoelic pressure. A secondary glandular region occurs on the ventral
surface of the everted cuticular tube. Neither the function of the VEG nor the chemical
composition of its secretion is known.

ABSTRACT
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THE EXISTENCE of a ventral eversible gland (VEG)
in certain lepidopteran larvae was first reported by
De Geer in 1745 (Latter 1897), who noted the
position of the gland aperture, the presence of an
internal secretory reservoir, and the ability of the
larvae to eject an irritating substance from the gland.
Several authors have reported that formic acid is
a major component of the VEG secretion in larvae
of certain genera of Lepidoptera. Thus, Poulton
(1887) showed that the VEG of Dicranura (=Cerura) vinula (L.) and D. (=Furcula) furcula (Clerck)
larvae produce formic acid. However, he stated
that the secretion does not deter attack by parasitoids or ingestion by lizards.
Hintze (1969) reported that larvae of Cerura
vinula (L.) and Notodonta (=Peridea) anceps
(Goeze) (Notodontidae) also secrete formic acid
from the VEG and use it in defense. Similarly,
Geertsema et al. (1976) reported that larvae of
Catochria catocaloides Herrich-Schaeffer (Notodontidae) produce formic acid as a defensive secretion of the "prothoracic gland" (VEG). Herrick
& Detwiler (1919) and Detwiler (1922) showed that
the glandular secretion of Schizura concinna (J. E.
Smith) larvae also contains formic acid. However,
Poulton (1887) believed that in some some species
the VEG is a specialized structure used for purposes
other than defense. In support of this view, Latter
(1897) reported that in C. vinula the apex of the
everted VEG is applied near the spinneret during
construction of the cocoon and that the secretion
strengthens silk.
Anatomical descriptions of the VEG of various
lepidopteran larvae have been published by several
This article reports the results of research only. Mention of a
proprietary product does not constitute an endorsement or a recommendation for its use by USDA.
I

authors (Klemensiewicz 1882, Poulton 1887, Schaffer 1889, Latter 1897, Bordas 1910, Detwiler 1922,
Hintze 1969, and Weatherston et al. 1979, 1986).
However, the VEG in the fall armyworm (FAW),
Spodoptera frugiperda (J. E. Smith), has never been
described, nor have the chemical composition and
function of its secretion been reported.
Marti et al. (1987) described the discharge of
hemolymph from the VEG of Ascovirus-infected
S. frugiperda larvae and suggested that the gland
may be of importance in the dispersion of Ascovirus and other pathogens.
This paper describes the anatomy of the VEG
in normal S. frugiperda larvae and represents the
first description of the VEG in the Noctuidae.
Materials and Methods

Larvae of FA W for this study were reared on a
semisynthetic pinto bean diet (Burton 1967). Fifth
instars were used throughout, except where noted
otherwise.
Larvae for anatomical dissections were drowned
in soapy water at room temperature (25°C) or killed
in hot water. Larvae killed in water hotter than
60°C usually died with the gland everted. This
observation enabled us to prepare tissue samples
and conduct dissections with the VEG in either the
everted or inverted position. To enhance contrast
of anatomic structures, dissected larvae were stained
in Giemsa or 5% toluidine blue and rinsed in tap
water. Larval preparations were dissected and photographed in water.
To prepare larvae for sectioning, the abdomens
were discarded, as were the distal ends of the legs
and the hard surfaces of the mandibles. This facilitated penetration of the fixative and embedding
agents into the head and thorax and avoided dam-
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age to glass Ralph knives used during sectioning.
Larval preparations were fixed overnight in buffered 10% formalin (pH 7.3). After dehydration
through a graded (50-100%) ethanol series, tissues
were infiltrated, oriented, and embedded under
vacuum in Sorvall embedding medium (Du Pont,
Inc.).
Transverse and longitudinal sections with the
VEG either everted or inverted were cut at 2-4
tLm. Sections were stained in 0.5% toluidine blue
and mounted with Permount. Whole mounts of
freshl y dissected glands were also studied and photographed with brightfield illumination or Nomarski differential interference contrast (DIC) optics.
Results and Discussion

Studies of the VEG in other arthropods have
shown wide variability in its external appearance
as well as its internal anatomy. Thus, the VEG of
Yponomeuta malinellus Zeller was described by
Berlese (1909) and Povel & Beckers (1982) as a
simple cylindrical arrangement of glandular cells.
Ash (1892) described the everted VEG of Danima
banksiae Lewin, an Australian notodontid, as consisting of a pair of red, bifurcated structures and
indicated, perhaps erroneously, that the structures
arise from the mesothorax. No discharge of odor
or fluid from the glands was detected.
Poulton (1887) reported that the everted VEG
of D. furcula consists of two pairs of lateral processes. Latter (1897) and Schildknecht & Schmidt
(1963) described a pair of setiferous eversible tubes
or finger like processes within the vestibule of C.
vinula larvae. No setiparous tubules are present in
the vestibule of FA W larvae, although a pair of
setae observed on the exterior of the body at the
lateral margins of the gland orifice maybe the
homologs of the tubules observed by Latter.
Detwiler (1922) referred to the anterior and posterior glandular portions of the VEG in S. concinna
(Notodontidae) as the bulb and sac, respectively,
and suggested that the primary irritating secretion
is produced in the bulb, and that the secretion of
the SAC serves as a carrier or propellant.
Weatherston et al. (1979) also described the inverted VEG of S. concinna as bipartite, consisting
of anterior and posterior sacs connected by an interglandular neck. They also reported that the primary defensive secretion ~f the VEG is formic acid.
In a study of the VEG in Datana ministra (Notodontidae), Weatherston et al. (1986) found that
this species possesses only a single sac, which contains dodecanol and its formate and acetate esters.
These authors suggested that the VEG secretion
may act as a dispersal pheromone in D. ministra.
In the fifth instar of S. frugiperda, the mean
width (±SE) of the VEG orifice is 0.90 ± 0.025
mm (n = 10). The surface of the integument near
the gland orifice and in the vestibule bears many
cuticular denticles. However, the numbers of the
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denticles are much reduced in the vestibule and
none is present in the cuticular tube.
The inverted VEG is composed of two functionally different regions, a noneversible glandular sac
(s) which contains a chitinous intima (0, and an
eversible cuticular tube (ct) (Fig. 1 A and B). When
everted, the cuticular tube forms the visible external papilla of the VEG and completely encloses
the glandular sac.
The external orifice of the inverted VEG is the
transverse slit observed externally on the ventral
prothorax (Marti et al. 1987). In the dissected VEG
(Fig. 1A), the orifice is not usually visible because
it is obscured by the tissues surrounding the free
end of the cuticular tube. The sac and intima are
attached to the distal end of the cuticular tube near
the level of the first pair of muscles. In some preparations, the orifice of the sac (os) is visible. It is
this orifice which appears at the tip of the papilla
following eversion.
Six pairs of retractor muscles are associated with
the VEG (Fig. 2). The first four pairs of retractor
muscles (1-4) are inserted sequentially on the lateral margins of the cuticular tube.
The first pair of muscles, 2 mm long, originates
on the gena in the head capsule dorsal and posterior
to the prime ocellus and is directed mesiad and
posteriad to its point of insertion at the junction of
the glandular sac and the cuticular tube. In the
everted VEG, the first pair of muscles extends the
entire length of the organ and serves to retract that
portion of the VEG which lies between the tip and
the insertion of the second pair of muscles.
The second pair of muscles (2) has its point of
origin at a pair of apodemes near the ventral midline posterior to the first pair of legs and is directed
anteriad to its point of insertion on the cuticular
tube proximal to the first pair of muscles. The second pair of muscles retracts that portion of the
everted VEG which lies between the insertions of
the second and third pairs of muscles. In the inverted VEG, the first and second pairs of muscles
oppose each other to maintain the VEG in its characteristic position in the body; the second pair of
muscles pulls the cuticular tube posteriad, and the
first pair pulls the sac anteriad. This characteristic
position of the VEG may prevent leakage of sac
secretions.
Three apodemes which serve as the points of
origin for the third, fourth, and fifth pairs of retractor muscles associated with the VEG are located on the lateral prothoracic wall between the
pre- and subspiracular pinacula. These apodemes
are arranged vertically. The third pair of muscles
originates at the central apodeme and inserts on
the cuticular tube proximal to the second pair of
muscles. In the everted VEG, the third pair of
muscles lies parallel to the first two pairs and inserts
posterior to the second pair. The third pair of muscles retracts that portion of the everted VEG lying
between its insertion and the insertion of the fourth
pair of muscles.
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The fourth pair of muscles, the largest of the
paired muscles associated with the VEG, originates
at the most ventral of the three apodemes described
above and inserts on the cuticular tube proximal
to the third pair of muscles. In cross sections of the
everted papilla, the fourth pair of muscles is usually
not seen because its insertion is very near the base
of the cuticular tube and is posterior to most sections. The fourth pair of muscles retracts the base
of the VEG.
The points of insertion of the first three pairs of
muscles are usually demonstrable by indentations
on the lateral margins of the everted papilla. However, indentations produced by the insertion of the
fourth pair of muscles at the base of the everted
papilla are not usually observable.
The fifth pair of muscles originates at the most
dorsal of the three apodemes described above and
inserts on the body wall very near the anterolateral
margins of the cuticular tube. The sixth pair of
muscles consists of two muscle bundles, designated
a (anterior) and b (posterior), which are parallel
and united for most of their length. Muscle pair
6a is the most anterior of the muscles attached to
the cuticular tube. Muscle pair 6b inserts on the
body wall immediately lateral to the insertion of
6a. The sixth muscle pair originates on the lateral
margin of the head capsule ventral to the origin of
the first pair. Because the fifth and sixth pairs of
muscles insert on the body wall and not the cuticular tube of the VEG, they may close the lips of
the orifice following inversion of the papilla.
In cross sections, the everted VEG is oblong or
rectangular near its base (Fig. 3A). Cross sections
of only three of the six retractor muscles are seen
at the proximal end of the sac (Fig. 3A and 5). The
first three pairs of retractor muscles are arranged
so that the first pair, which inserts at the tip of the
everted papilla, lies nearest the glandular sac (s).
In sections near the base of the everted organ (Fig.
3A), only a portion of the glandular sac is seen
because it is located almost entirely distal to the
level of the section.
Sections through more distal levels of the everted
organ usually contain a portion of the glandular
sac plus cross sections of 3, 2, or 1 pairs of retractor
muscles (Fig. 3 B-E).
The third pair of retractor muscles lies nearest
the lateral margins of the everted papilla, and the
second pair lies between the first and third pairs.
This arrangement is most apparent in sections near
the base of the everted organ, where all three muscle pairs are present and arranged in a linear sequence (Fig. 3A). In some sections, however, the
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POSTERIOR

Fig. 2.

Dorsal view of the ventral eversible gland of
Spodoptera jrugiperda, showing associated muscles and
tracheae. The sac overlies the posterior portion of the
cuticular tube so that the insertions and anterior portions
of the second pair of muscles are not ordinarily visible
unless the sac is deflected laterally or anteriorly; paired
retractor muscles (1-6); diagrammatic.

identity of individual muscle pairs is often ambiguous. Muscle pairs 4-6 observed in dissections are
not present in cross sections of the base of the everted
VEG because their points of insertion are proximal
to the level of the section. Indentations on the lateral margins of the everted papilla clearly indicate
the points where muscles insert (Fig. 3C, mi). The
shape and position of the orifice at the apex of the
everted papilla is shown in Fig. 3F. The first pair
of muscles inserts slightly proximal to the apex.
Thus, no muscles or muscle insertions are seen in
sections distal to that shown in Fig. 3F.
The VEG retractor muscles of S. concinna, as
described by Detwiler (1922), have somewhat different origins than those in FA W. Detwiler reported that the second pair of muscles originates
near the prothoracic spiracles, not the apodemes
posterior to the first pair of legs as in FA W, and
then passes laterally to the body wall. The origins
of the first and third pairs of retractors are apparently similar in S. concinna and S. frugiperda.
In a longitudinal section through the thorax of
an FAW larva (Fig. IB), the VEG is seen inverted
and its orifice (0) lies just ventral to the subesophageal ganglion (sg). The folded cuticular tube (ct)
lies between the integument and the prothoracic

t-

Fig. 1. Spodoptera jrugiperda. (A) Inverted ventral eversible gland. Glandular sac (s), trachea (t), cuticular
tube (ct), anterior glandular area (g), muscle insertions (1-6), secretory cell (sc), intima (i), orifice of the sac (os);
66 x. (B) Longitudinal section through the ventral prothorax. Subesophageal ganglion (sg), prothoracic ganglion
(pg), external orifice of the ventral eversible gland (0), vestibule (v), hemocoel (hc), muscle (m), anterior glandular
area (g), cuticular tube (ct), glandular sac (s), intima (i), nerve (n), fat body (fb); 97 x.
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F
Fig. 3. Sequential (A-F) cross sections from the base (A) to the apex (F) of the everted ventral eversible gland
of S. frugiperda. Anterior glandular area (g), hemocoel (hc), intima (i), muscle (m), muscle insertion (mi), sac (s),
trachea (t), lumen (Iu); 130 x.

ganglion (pg), and the glandular sac lies posteroventral to the prothoracic ganglion.
The position of the distal apex of the glandular
sac is variable but is most often posterior to the
prothoracic (pg) ganglion and dorsal to the commissure between the pro- and mesothoracic ganglia. In some larvae, the distal apex of the glandular
sac lies completely ventral to the commissure between the pro- and mesothoracic ganglia. Occasionally, the apex protrudes dorsad between the
branches of the commissure. However, in one larva
molting from fourth to fifth instar, the sac was
directed anteriad and its apex lay in the ventral
portion of the head capsule.
The inverted cuticular tube is highly folded and

contracted (Fig. IB). This reduces the horizontal
space occupied by the VEG within the body and
positions the glandular sac near the orifice. Contraction of the cuticular tube permits additional
reduction of the internal length of the organ and
also produces ridges which project into the lumen
of the cuticular tube, possibly to aid in its support
or to prevent the escape of glandular secretions
until eversion. Weatherston et al. (1979) suggested
that the folds of the cuticular tube have an atomizing
function, producing a fine mist rather than a droplet or a directed stream of fluid.
As noted earlier, the VEG has two distinct and
separate glandular regions which are continuous
with the hypodermis. The primary glandular re-
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Fig. 4. Spodoptera }rugiperda. ~ A') LongItucHna'J secfion t'hroug'h "t'he g'Jandu'Jar sac ot l'he venha'J evers"i'b'Je
gland. Secretory cell (sc), microvilli (b), intima (i), lumen of the glandular sac (1u); DIG 1,500x. (B) Longitudinal
section of the everted ventral eversible gland, showing the tear (tc) in the thin cuticle at the apex. Orifice (0),
hemocoel (he), anterior glandular area (g), subesophageal ganglion (sg); 174 x. (C) Apex of the everted ventral
eversible gland, showing hemocytes (white arrows), muscle (m), and intima (i); 152 x. (D) Apex of the ventral
eversible gland, showing one member of the first pair of retractor muscles inserted near the tip of the VEG. Muscle
(m), intima (i), secretory product (sp); 152 x.

gion comprises the sac itself, which is composed of
large secretory cells containing highly branched
nuclei. Microvilli (b) line the interior of the sac
between the secretory cell bodies (sc) and the intima (i) (Fig. 4A). No microvilli occur in the cuticular tube. Products of the secretory cells accumulate between the surface of the microvilli and

the intima. Small tracheal branches and minute
droplets of secretory products are particularly obvious at the margins of the secretory cells.
According to Detwiler (1922), secretory products
of the sac pass through pores in the intima and are
stored in the lumen of the sac. Although we did
not observe pores in the intima of the FA W VEG,
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Povel & Beckers (1982), using scanning electron
microscopy, observed pores in the intima of the
VEG of Yponomeuta sp. larvae. A second glandular region (g), continuous with but separated
from both the hypodermis and the glandular cells
of the sac, is present on the ventral surface of the
cuticular tube (ct) between the orifice and the sac
(Fig. 1 A and B, 2, 3A, and 4B). No microvilli or
secretory products are observed in the anterior
glandular area.
In the everted papilla, the first three pairs of
retractor muscles lie in a space continuous with the
hemocoel (Fig. 3 A-F and 4 B-D). This is shown
by the presence of hemocytes (Fig. 4C, small arrows) at the tip of the papilla, by the continuous
hypodermal lining of the everted papilla (Fig. 4B),
and by the continuity of the hemocoel from the
body to the tip of the everted papilla as seen in
longitudinal sections (Fig. 4B). Hemocoelic pressure exerted on the apex of the developing papilla
everts the lining of the lumen of the cuticular tube,
which then passes across the lips of the orifice to
form the exterior surface of the papilla. Secretory
products (Fig. 3D) can frequently be observed at
the tip of the severed papilla.
At the tip of the fully everted papilla, only a
thin tissue layer consisting of cuticle and hypodermis separates the exterior of the body from the
hemocoelomic cavity, which extends to the full
distance of the everted papilla. The discharge of
hemolymph containing refractile vesicles and virions from the VEG of Ascovirus-infected FA W
larvae (Marti et al. 1986) is most likely accomplished by tearing (tc) of the thin tissue layers at
the tip (Fig. 4B) of the papilla after eversion.
The glandular sac (s) is composed of large polygonal secretory cells (sc) and is continuous with
the hypodermis. The external cuticular surface of
the papilla is continuous with the external body
surface, the lining of the lumen of the papilla, and
the intima of the glandular sac. A tunica propria
covers the external surface of the sac, separating it
from the hemocoel. No bulb or anterior gland, as
described by Detwiler (1922) or Weatherston et al.
(1979), occurs in the VEG of FA W larvae.
A dorsal view of the muscles and sac of the VEG
is shown in Fig. S A-D. In Fig. 4A, the position of
the glandular sac (s) of the VEG posteroventral to
the prothoracic ganglion (pg) is shown.
The sac is supplied by a pair of tracheae which
arises near the prothoracic spiracles, passes below
the first pair of muscles of the cuticular tube, then
turns abruptly dorsad and posteriad before branching across the surface of the sac (Fig. S A and B).
The left branch serves the lateroventral portion of
the sac and the right branch serves the laterodorsal
portion. Usually, these tracheal branches are further divided on each side of the sac into an anterior
and a posterior branch. No other tracheal branches
supply the sac.
Dimmock (1882) reported that the nervous system of Cerura larvae curves to the left between
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the pro- and mesothoracic ganglia to avoid the
orifice of the VEG. Lateral asymmetry does not
occur in the thoracic nervous system of FA W larvae. The sac, however, is positioned midway between the prothoracic spiracles. Thus, the ventral
tracheal commissure connecting the lateral tracheal
trunks near the spiracles is deflected dorsad and
passes between the dorsal surface of the sac and
the ventral surface of the prothoracic ganglion. A
pair of short tracheal branches arises dorsally from
the commissure and serves the ganglion, but there
are no tracheal branches from the commissure to
the sac.
The lateral nerves arising from the prothoracic
ganglion proceed ventrad along the lateral margins
of the glandular sac and innervate the muscles of
the ventral prothorax. The small nerves which supply the sac are closely associated with the tracheae
supplying the sac, but their origins were not traced.
Thus, in most FA W larvae, the normal position of
the glandular sac is a space bounded ventrally by
the body wall and associated fat, dorsally by the
prothoracic ganglion and the central portion of the
ventral tracheal commissure, and laterally by the
lateral nerves of the prothoracic ganglion and the
lateral portions of the ventral tracheal commissure.
The most common displacement of the sac from
its usual position occurs when the commissure passes
ventrad rather than dorsad to the sac.
After removal of the nerve cord, silk glands (sg),
and extraneous fat and muscles (Fig. SA), the first
pair of muscles (1) and the cuticular tube (ct) are
easily found (Fig. SB). The second pair of muscles
is obscured by the overlying sac (s), but can be seen
after deflecting the sac anteriorly or laterally (Fig.
SC). Removal of additional extraneous muscles and
fat and stretching of the sac posteriad reveals the
entire length of the cuticular tube and the insertions of all the muscles associated with it (Fig. SD).
The glandular area (g) on the ventral side of the
cuticular tube begins just anterior to the insertion
of the third pair of muscles (Fig. 1A), but is not
visible from the dorsal aspect (Fig. SD). The fourth
pair of muscles (Fig. SD, #4), which originates on
the lateral wall of the prothorax, is divided into
five to six fasciculi at its insertion on the cuticular
tube. Muscle pairs Sand 6 (Fig. 1A and SD) at first
appear to be attached to the cuticular tube anterior
to the fourth pair. However, muscle pair S and the
posterior branch of muscle pair 6 are actually attached to the body wall anterior to the orifice, not
to the cuticular tube.
Based on our studies of dissected and sectioned
s. frugiperda larvae, the structure of the VEG and
its associated muscles and tracheae from the dorsal
aspect is as shown in Fig. 2.
There is no obvious mechanism to produce
eversion of the VEG in FA W larvae. Authors who
mention eversion of the VEG or osmeterium (a
dorsal eversible organ; Wegener 1923) in other
Lepidoptera agree that eversion is accomplished
through increased hemocoelic pressure (Dimmock
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Fig. 5. Dissected prothorax of the fall armyworm, Spodoptera frugiperda , showing the ventral eversible gland
in relation to other structures, dorsal aspect; 41 x . (A) Glandular sac (s) of the VEG. Nerve (n), silk duct (sd), and
tracheae (t). (B) Glandular sac (s), cuticular tube (ct), and first pair of retractor muscles (1) after removal of overlying
structures. (C) After deflection of the glandular sac (s) to the right, the second pair of muscles (2) is visible; first
pair of muscles (1) detached from point of insertion (white arrow) on left side; third pair of muscles (3), cuticular
tube (ct). (D) Relationships of muscle pairs 3-6 to the cuticular tube (ct); the first and second muscle pairs (l and
2) are detached and out of position.

1882, Latter 1897, Detwiler 1922). Eisner & Meinwald (1965) stated that the mechanism of operation
of the osmeterium in Papilio machaon L. (Papilionidae) can be inferred by its structure, that eversion
is accomplished by an increase in blood pressure,
and that inversion is through the action of retractor
muscles. Hintze (1969) stated that in larvae of C.
vinula and Peridea anceps (Notodontidae), retraction of the head and action of the thoracic musculature increase the internal thoracic pressure and
produce eversion of the gland. Similarly, in the

Collembola, the collophore, a thoracic appendage,
is protruded by an increase in hemocoelic pressure
(Snodgrass 1935). Inversion of the VEG in FA W is
apparently accomplished through a simultaneous
decrease in hemocoelic pressure and contraction
of the retractor muscles.
Observation of the eversion process in restrained
FA W larvae shows that the distal portion, or vestibule, of the inverted cuticular tube is everted first.
The surfaces of the inverted cuticular tube are
thinner and more highly folded than the relatively
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thick integument surrounding the orifice. Thus,
pressure from hemocoelic fluid beneath the lips of
the orifice forces out a mound or papilla, which is
lengthened as more of the cuticular tube is pulled
to the exterior of the body from the apex of the
developing papilla. Hemocoelic pressure exerted
at the tip of the developing papilla pulls out the
folds of the cuticular tube, lengthens the papilla,
and begins to pull the glandular sac from the body
into the developing papilla. As more of the cuticular tube is everted to form the papilla, the secondary glandular area (Fig. 1 A and B) passes up the
ventral wall of the lumen, across the ventral lip of
the orifice, and down the ventral wall of the papilla.
Up to this point, development of the papilla
caused by a mild disturbance is quite slow, almost
tentative. Complete eversion of the remaining portion of the cuticular tube is very rapid. In the
presence of a strong disturbance, eversion of the
entire papilla can occur rapidly. Pressure exerted
by the surrounding thoracic musculature as the
glandular sac passes from the body to the interior
of the papilla is apparently sufficient to discharge
the gland contents to the exterior of the body. Any
secretions from the secondary glandular area in the
lumen of the cuticular tube are carried to the apex
of the developing papilla and are discharged. Thus,
the contents of the glandular sac and the secondary
glandular area are discharged almost simultaneously. In the FAW fifth instar, the mean length (±SE)
of the everted papilla is 1.64 ± 0.026 mm (n =
10).
Because the retractor muscles are inserted on the
cuticular tube, their distal portions are pulled out
from the body and into the papilla. In the partially
everted papilla, the muscles are inserted on that
portion of the cuticular tube which surrounds the
lumen. With additional eversion, the portion of the
cuticular tube onto which the third pair of retractor
muscles is inserted reaches the hemocoelic space
at the apex of the developing papilla. Further
eversion brings the portions of the cuticular tube
bearing the insertions of the third pair of retractor
muscles, then the second pair, and finally the first
pair across the orifice of the papilla at the apex. In
the fully everted condition, the first pair of retractor muscles inserts nearest the tip of the papilla,
lateral to the orifice. The second and third pairs of
retractor muscles also are inserted laterally on the
everted papilla, the insertion of the second pair
being proximal to the first, and the third pair proximal to the second. The exterior and luminal surfaces of the papilla are continuous with both the
integument of the outer body surface and the chitinous intima of the glandular sac.
Lankester (1886), describing proboscis eversion
in gastropods, stated that there are two basic processes by which eversion takes place. Acrecbolic
eversion occurs "by a forward movement of the
inverted apex of the tube"; pleurecbolic eversion
occurs "by a forward movement of the side of the
tube near its attached base" (Lankester 1886).
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Eversion of the VEG in FA W larvae is thus pleurecbolic.
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